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Introduction: 


The  American  Cancer  Society  estimated  that  there  will  be  approximately  217,7300  new  prostate 
cancer  cases  in  the  USA  in  2010  (Jemal,  Siegel  et  al.  2010).  Extracellular  matrix  molecules  such  as 
laminin-332  (Ln-332)  play  a  very  important  role  in  cancer  progression.  Ln-332  expression  is 
decreased  during  prostate  cancer  progression.  Conversely,  type  II  transmembrane  serine  protease 
hepsin  is  over-expressed  in  more  than  90%  prostate  cancer  cases.  Similarly,  another  type  II 
transmembrane  serine  protease  matriptase  is  over-expressed  in  human  prostate  cancer  and  expression 
of  both  proteases  correlates  with  tumor  progression.  However,  the  mechanism(s)  by  which  these  two 
serine  proteases  play  a  role  in  prostate  cancer  is  unknown.  This  project  aims  to  define  the  role  played 
by  the  cleavage  of  Ln-332  by  hepsin  and  matriptase  in  prostate  cancer.  We  have  found  (in  the 
preliminary  data  submitted  in  the  original  DOD  grant  application)  that  Ln-332  is  individually  cleaved 
by  two  serine  proteases,  hepsin  and  matriptase,  and  that  this  cleavage  enhances  migration  of  human 
prostate  cancer  cells  in  vitro.  Based  on  this  preliminary  data  our  central  hypothesis  of  the  proposal  is 
that  type  II  transmembrane  serine  proteases,  Hepsin  and  Matriptase  cleave  Laminin-332  and  that  the 
proteolytic  cleavage  of  laminin-332  plays  a  role  in  the  progression  of  prostate  cancer.  We  will 
explore  this  with  implementation  of  two  specific  aims: 

Specific  Aim  1:  Determine  the  role  of  cleavage  of  Laminin-332  by  Hepsin  and  Matriptase  in 
invadopodia  formation  and  characterize  these  properties  in  prostate  cancer  cell  migration  and 
invasion. 

Specific  Aim  2a:  Determine  the  effect  of  cleavage  of  Ln-332  by  Hepsin  and  Matriptase  on  the 
formation  of  prostate  tumors  in  vivo. 

Specific  Aim  2b:  Determine  the  role  of  Hepsin  in  the  formation  of  prostate  cancer  bone  lesions  and 
elucidate  the  role  of  cleavage  of  Ln-332  by  Hepsin  on  the  formation  of  bone  lesions  in  vivo. 
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Body: 


Task  1.  Determine  the  role  of  cleavage  of  Laminin-332  by  Hepsin  and  Matriptase  in 
invadopodia  formation  and  characterize  these  properties  in  prostate  cancer  cell  migration  and 
invasion.  (Months  1-12) 

Proposed  Aim  1  was  based  on  a  report  in  which  it  has  been  shown  that  invadopodia  are  associated 
with  invasion  by  matrix  degradation  in  PC3  prostate  cancer  cells  (Desai,  Ma  et  al.  2008).  We 
therefore  planned  to  use  PC3  cells  since  they  form  invadopodia.  Our  multiple  attempts  to  see 
invadopodia  formation  in  PC3  cells  failed  (Figure  1).  It  has  been  shown  in  the  literature  that 
invadopodia  can  be  induced  in  vitro  by  plating  cancer  cells  on  gelatin  cushions.  ECM  degradation 
and  co localization  of  F-actin  cores  and  invadopodia  specific  molecular  markers,  like,  cortactin,  are 
considered  as  markers  for  invadopodia.  The  invadopodia  assay  was  performed  on  MatTek  dishes, 
coated  with  FITC-gelatin.  For  invadopodia  assays,  20  x  104  cells  were  suspended  in  2  mL  of 
complete  medium  and  added  to  plates  for  16-18  h  of  incubation.  For  Immunofluorescent  staining 
cells  were  fixed  in  formaldehyde,  permeabilized  with  Triton  X-100  and  blocked.  After  blocking  cells 
were  incubated  with  appropriate  primary  antibodies  for  1  h,  followed  by  secondary  antibodies  and/or 
fluorescent  phalloidin  for  1  h  at  room  temperature.  Images  were  captured  using  a  Zeiss  LSM510 
Meta  with  a  x60  Plan-NeoFluar  1.3  NA  objective  confocal  microscope.  We  looked  for  Invadopodia 
as  actin  puncta  that  would  also  positive  for  cortactin  and  we  also  tried  to  localize  degradation  area  or 
dark  area  on  fluorescent  matrix.  We  did  not  find  any  invadopodia  formation  in  our  PC3  cells.  Figure 
1  is  a  representative  image  of  our  trial  attempts.  Figure  1  is  immunofluorescence  staining  of  PC3 
cells  plated  on  FITC-Fibronectin  (green),  actin  is  blue  and  cortactin  in  red  color. 
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Due  to  failure  of  this  experiment,  we  designed  a  different  strategy  as  detailed  below  to  determine  the 
role  of  cleavage  of  Ln-332  by  hepsin  and  matriptase  and  to  characterize  these  properties  in  prostate 
cancer  cell  migration. 

This  proposal  was  written  and  submitted  to  the  DOD  for  the  2008  fellowship,  however,  it  was  kept 
on  a  wait-list  and  eventually  got  funded  in  2009.  Since  the  proposal  was  submitted  to  DOD  in  2008, 
later  in  the  same  year,  we  published  a  paper  in  the  Journal  of  Biological  Chemistry,  Tripathi  et  al. 
JBC  2008  Nov  7;283  (45):30576-84  (Tripathi,  Nandana  et  al.  2008)  (published  article  attached).  We 
reported  in  that  paper  that  hepsin  cleaves  Ln-332.  Also,  we  reported  that  the  cleavage  is  specific, 
since  it  is  both  inhibited  in  a  dose-dependent  manner  by  a  hepsin  inhibitor  (KD1)  and  does  not  occur 
when  catalytically  inactive  hepsin  is  used.  Additionally,  by  Western  blotting  and  mass  spectrometry, 
we  determined  that  hepsin  cleaves  the  beta  3  chain  of  Ln-332.  N-terminal  sequencing  identified  the 
cleavage  site  at  beta3  Arg245,  in  a  sequence  context  (SQLR245 f LQGSCFC)  conserved  among 
species  and  in  remarkable  agreement  with  reported  consensus  target  sequences  for  hepsin  activity. 
Further,  in  vitro  cell  migration  assays  showed  that  hepsin-cleaved  Ln-332  enhanced  motility  of 
DU  145  prostate  cancer  cells,  which  was  inhibited  by  KD1.  Additionally,  hepsin  overexpressing 
LNCaP  human  prostate  cancer  cells  also  exhibited  increased  migration  on  Ln-332.  We  proposed  in 
the  paper  that  direct  cleavage  of  Ln-332  may  be  one  mechanism  by  which  hepsin  promotes  prostate 
tumor  progression  and  metastasis,  possibly  by  upregulating  prostate  cancer  cell  motility  (published 
article  attached). 

As  part  of  the  proposed  aims  we  are  also  examining  Ln-322  processing  by  another  TTSP, 
matriptase.  We  have  found  that  matriptase  proteolytically  processes  Ln-332,  which  effects  prostate 
cancer  cell  migration.  To  determine  if  this  cleavage  is  time-dependent,  we  also  performed  a  time- 
course  experiment  whereby  Ln-332  and  matriptase  were  coincubated  for  0,  3,  6  and  12  h  and  the 
mixtures  were  again  resolved  using  SDS-PAGE.  As  expected,  no  cleavage  product  of  Ln-332  was 
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observed  in  the  0  h  mixture;  however  the  cleaved  -100  kDa  band  was  present  in  lanes  containing  the 
mixtures  from  3,  6,  and  12  h  (Figure.  2). 

Matriptase-overexpression  enhances  LNCaP  cell  migration  on  Ln-332:  Since  our  preliminary 
data  indicated  that  migration  of  DU  145,  a  human  prostate  cancer  cell  line  is  increased  on  matriptase- 
cleaved  Ln-332,  we  decided  to  also  examine  migration  of  LNCaP  prostate  cancer  cells  that  stably 
over-express  matriptase  (LNCaP-mt).  LNCaP  human  prostate  cancer  cells  expressing  low  (LNCaP- 
wt)  and  high  levels  (LNCaP-mt)  of  matriptase  were  created  by  Dr.  Daniel  Kirchhofer  (Genentech, 
San  Francisco,  CA).  Migration  of  these  over-expressor  cells  was  compared  to  that  of  wild-type 
LNCaP  cells  (LnCaP-wt)  using  modified  Boyden  chamber  assays.  Prior  to  performing  assays,  we 
verified  LNCaP  cell  expression  by  RT-PCR  (Figure  3)  and  Western  blot  (Figure.  4);  these  results 
indicated  that  LNCaP-mt  cells  expressed  -2  times  more  matriptase  than  LNCaP -wt  cells.  For 
Boyden  chamber  assays,  inserts  were  pretreated  with  either  Ln-332  or  PBS,  and  cells  were  allowed 
to  migrate  for  24  h  prior  to  counting  the  number  of  cells  that  passed  through  filters.  As  expected, 
LNCaP-mt  cells  exhibited  significantly  more  migration  than  LNCaP -wt  cells  on  Ln-332  (~3-fold; 
Figure.  5).  In  contrast,  both  cell  types  migrated  minimally  on  PBS-treated  Transwells  (Figure  5). 

Task  2A.  Determine  the  effect  of  cleavage  of  Ln-332  by  Hepsin  and/or  Matriptase  on  the 
formation  of  prostate  tumors  in  vivo.  (Months  12-24) 

We  proposed  that  we  will  perform  orthotopic  grafts  into  the  prostates  of  nude  mice  to  study  the 
progression  of  tumors  formed  by  genetically  modified  PC3  cells.  We  planned  to  down  regulate 
matriptase  in  PC3  cells.  To  this  end  in  order  to  decide  the  cell  line  to  use  for  downregulation  of 
matriptase  we  performed  RT  PCR  and  western  blot  analysis.  We  checked  the  expression  of 
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matriptase  in  normal  prostate  epithelial  cells,  RWPE-1  and  prostate  cancer  cells  C4-2,  PC-3  LAPC4, 
DU145  and  LNCaP  by  RT-PCR  (Figure7).  We  also  checked  expression  of  matriptase  protein  in 
prostate  cancer  cells  C4-2,  PC-3  LAPC4,  DU145  and  LNCaP  by  Western  blotting  (Fgure  8).  We 
found  that  the  PC-3  cells  we  have  in  our  lab,  do  not  express  matriptase,  therefore  it  would  not  be  an 
appropriate  cell  line  to  use  for  down  regulation  of  matriptase.  Instead  we  decided  to  use  C4-2  cells 
after  further  confirming  the  expression  levels. 

Task  2B.  Determine  the  role  of  Hepsin  in  the  formation  of  prostate  cancer  bone  lesions 
and  elucidate  the  role  of  cleavage  of  Ln-332  by  Hepsin  on  the  formation  of  bone  lesions 
in  vivo  (Months  24-36). 


We  have  not  addressed  task  2B  partly  or  fully  as  yet. 


List  of  Figures 


Figurel  :  Immunofluorescenstaining  of  PC3  cells  plated  on  FITC-Fibronectin  (green),  actin  is  blue 
and  cortactin  in  red  color. 
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Figure  2:  Ln-332  (0.8  pM)  and  matriptase  (24  pM)  were  coincubated  for  0,  3,  6  and  12  h.  No 
cleavage  product  of  Ln-332  was  observed  from  the  0  h  mixture,  however  the  cleaved  -100  kDa  band 
was  present  in  lanes  containing  the  mixtures  from  3,  6,  and  12  h 
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Figure  3:  Matriptase  expression  of  both  types  of  LNCaP  cells  was  confirmed  by  western  blot.  Band 
intensity  for  each  sample  was  normalized  to  its  corresponding  p-actin  control.  These  results 
indicated  that  LNCaP -mt  cells  express  ~2  times  more  matriptase  than  LNCaP -wt  cells. 
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Figure  4:  mRNA  expression  level  of  matriptase  in  the  LNCaP  cells  (MT  and  WT  was  also  verified 
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Figure  5:  Boyden  chamber  assay  was  used  to  examine  cell  migration  of  both  LNCaP-wt  and 
LNCaP-mt  cell  types.  Transwells  were  coated  with  either  Ln-332  (10  pg/ml)  or  PBS,  cells  were 
allowed  to  migrate  for  24  h,  and  cells  that  migrated  across  the  filter  were  fixed,  stained,  and  counted 
manually  under  a  microscope. 
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Figure  6:  LNCaP-mt  cells  exhibited  significantly  more  migration  than  LNCaP-wt  cells  on  Ln-332 
(~3-fold;  N=3,  in  duplicate;  P<0.001).  In  contrast,  both  cell  types  migrated  minimally  on  PBS- 
treated  inserts. 


Ln-332  PBS 
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Figure  7:  Expression  of  matriptase  in  RWPE-1  and  prostate  cancer  cells  C4-2,  PC-3  LAPC4, 


DU  145  and  LNCaP  by  RT-PCR 
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Figure  8:  Expression  of  Matriptase  protein  in  prostate  cancer  cells  C4-2,  PC-3  LAPC4,  DU145  and 


LNCaP  by  Western  Blotting 
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Key  Research  Accomplishments: 

1)  We  found  that  hepsin  cleaves  Ln-332  at  beta3  chain.  N-terminal  sequencing  identified  the 
cleavage  site  at  beta3  Arg245,  in  a  sequence  context  (SQLR245  jLQGSCFC)  conserved  among 
species.  Cell  migration  assays  showed  that  hepsin-cleaved  Ln-332  enhanced  motility  of  DU145 
prostate  cancer  cells  in  vitro.  Hepsin  overexpressing  prostate  cancer  cells  LNCaP  exhibited  increased 
migration  on  Ln-332.  These  results  were  published  in  an  article  in  JBC,  Tripathi  et  al.  JBC  2008  Nov 
7;283  (45):30576-84. 

2)  The  PC-3  cells  that  we  used  do  not  form  invadopodia. 

3)  Matriptase  proteolytically  cleaves  Ln-332  in  the  P3  chain.  Cleavage  is  time  dependent.  Substrate 
specificity  was  confirmed  by  blocking  cleavage  with  the  matriptase  inhibitor,  Kunitz  domain- 1. 
Transwell  migration  assays  showed  that  DU  145  cell  motility  was  significantly  enhanced  when  plated 
on  matriptase-cleaved  Ln-332.  Also,  Transwell  migration  of  matriptase-overexpressing  LNCaP  cells 
was  significantly  increased  on  Ln-332  as  compared  to  wildtype  LNCaP  cells. 

4)  The  PC3  cells  that  we  have  do  not  express  matriptase  therefore  prostate  cancer  cell  line  C4-2  is 
being  considered  for  downregulation  of  matriptase  for  in  vivo  experiments. 

Reportable  outcomes: 

1)  Poster  Presentation:  Manisha  Tripathi,  Alka  Potdar,  Hironobu  Yamashita,  Brandy  Weidow 
Peter  T.  Cummings,  Daniel  Kirchhofer,  and  Vito  Quaranta.  Laminin-332  cleavage  by 
matriptase  alters  motility  parameters  of  prostate  cancer  cells.  Symposium  on  Basement 
Membranes  inTissue  Development  and  Regeneration,  July7-9  2010,  Center  for  matrix 
biology,  Vanderbilt  University,  Nashville  TN. 
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2)  Poster  Presentation:  Manisha  Tripathi.  Alka  Potdar,  Hironobu  Yamashita,  Brandy  Weidow 
Peter  T.  Cummings,  Daniel  Kirchhofer,  and  Vito  Quaranta.  Laminin-332  cleavage  by 
matriptase  alters  motility  parameters  of  prostate  cancer  cells.  Gordon  Research  Conference 
on  Plasminogen  Activation  and  Extracellular  Proteolysis,  Feb  2010,  Ventura,  CA. 

3)  Poster  Presentation:  Manisha  Tripathi.  Srinivas  Nandana,  Hironobu  Yamashita,  Daniel 
Kirchhofer  and  Vito  Quaranta.  Cleavage  of  Laminin-332  by  hepsin  and  its  implications  in  the 
progression  of  prostate  cancer.  Vanderbilt-Ingram  cancer  center  Retreat  May  2009,  Student 
Life  center  Vanderbilt  University,  Nashville,  TN. 

4)  Oral  Presentation:  May  2010:  Role  of  Proteolytic  Processing  of  Laminin-332  by  Type  II 
Transmembrane  Serine  Proteases,  Hepsin  and  Matriptase  in  Prostate  Cancer  Progression. 
Presented  at  UCLA,  Los  Angeles,  California. 

5)  Oral  Presentation:  April  2010:  Role  of  Proteolytic  Processing  of  Laminin-332  by  Type  II 
Transmembrane  Serine  Proteases,  Hepsin  and  Matriptase  in  Prostate  Cancer  Progression. 
Presented  at  the  Science  Hour,  Dept  of  Cancer  Biology,  Vanderbilt  University. 

6)  Oral  Presentation:  January  2009:  Laminin-332  is  a  substrate  for  hepsin,  a  protease  associated 
with  prostate  cancer  progression.  Presented  at  the  Science  Hour,  Dept  of  Cancer  Biology, 
Vanderbilt  University 

7)  First  Author  JBC  paper  was  published:  Manisha  Tripathi,  Srinivas  Nandana,  Hironobu 
Yamashita,  Daniel  Kirchhofer  and  Vito  Quaranta.  Laminin-332  is  a  substrate  for  hepsin,  a 
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protease  associated  with  prostate  cancer  progression.  Journal  of  Biological  Chemistry,  2008 
Nov,  283  (45):30576-84. 

Conclusion:  In  summary,  we  show  that  hepsin  &  matriptase  cleaves  Ln-332  and  this  cleavage  event 
results  in  increased  migration  of  prostate  cancer  cells.  In  transwell  migration  assays,  LNCaP  cells 
overexpressing  hepsin  &  matriptase  showed  increased  migration  on  Ln-332. 

So  what  section: 

During  progression  of  prostate  cancer  in  patient,  loss  of  Ln-332  and  overexpression  of  proteases  in 
tumor  tissues  are  commonly  observed.  A  relationship  between  the  two,  however,  had  not  been 
established,  but  would  be  potentially  intriguing  because:  i)  it  would  unify  these  events  into  a  possible 
mechanism  of  prostate  cancer  invasion;  ii)  it  could  stimulate  novel  strategies  to  limit  or  prevent 
prostate  cancer  progression,  a  major  goal  of  treatment. 

Based  on  our  findings,  we  propose  that  proteolytic  processing  of  Ln-332  could  explain 
mechanistically  the  role  of  the  proteases  hepsin  &  matriptase  in  prostate  cancer  progression,  via 
increased  cell  migration  and  subsequent  BM  transgression.  Furthermore,  identification  of  this 
mechanism  takes  us  one  step  closer  to  exploring  potential  benefits  of  inhibiting  these  type  II 
transmembrane  serine  proteases  that  are  overexpressed  in  prostate  cancer. 
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Laminin-332  (Laminin-5) 
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Type  II  transmembrane  serine  proteases 

BM 

Basement  membrane 

ECM 

Extracellular  matrix 

mRNA 

Messenger  ribonucleic  acid 

PBS 

Phosphate  Buffered  Saline 

siRNA 

Small  interfering  RNA 

SDS 

Sodium  dodecyl  sulphate 

FITC 

fluorescein  isothio-.  Cyanate 
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Hepsin,  a  cell  surface  protease,  is  widely  reported  to  be  over- 
expressed  in  more  than  90%  of  human  prostate  tumors.  Hepsin 
expression  correlates  with  tumor  progression,  making  it  a  sig¬ 
nificant  marker  and  target  for  prostate  cancer.  Recently,  it  was 
reported  that  in  a  prostate  cancer  mouse  model,  hepsin  up-reg- 
ulation  in  tumor  tissue  promotes  progression  and  metastasis. 
The  underlying  mechanisms,  however,  remain  largely  unchar¬ 
acterized.  Hepsin  transgenic  mice  displayed  reduced  laminin- 
332  (Ln-332)  expression  in  prostate  tumors.  This  is  an  intrigu¬ 
ing  cue,  since  proteolytic  processing  of  extracellular  matrix 
macromolecules,  such  as  Ln-332,  is  believed  to  be  involved  in 
cancer  progression,  and  Ln-332  expression  is  lost  during  human 
prostate  cancer  progression.  In  this  study,  we  provide  the  first 
direct  evidence  that  hepsin  cleaves  Ln-332.  Cleavage  is  specific, 
since  it  is  both  inhibited  in  a  dose-dependent  manner  by  a  hep¬ 
sin  inhibitor  (Kunitz  domain- 1)  and  does  not  occur  when  cata- 
lytically  inactive  hepsin  is  used.  By  Western  blotting  and  mass 
spectrometry,  we  determined  that  hepsin  cleaves  the  j33  chain  of 
Ln-332.  N-terminal  sequencing  identified  the  cleavage  site  at  j33 
Arg245,  in  a  sequence  context  (SQLR245  j  LQGSCFC)  conserved 
among  species  and  in  remarkable  agreement  with  reported  con¬ 
sensus  target  sequences  for  hepsin  activity.  In  vitro  cell  migra¬ 
tion  assays  showed  that  hepsin-cleaved  Ln-332  enhanced  motil¬ 
ity  of  DU145  prostate  cancer  cells,  which  was  inhibited  by 
Kunitz  domain- 1.  Further,  hepsin-overexpressing  LNCaP  pros¬ 
tate  cancer  cells  also  exhibited  increased  migration  on  Ln-332. 
Direct  cleavage  of  Ln-332  may  be  one  mechanism  by  which  hep¬ 
sin  promotes  prostate  tumor  progression  and  metastasis,  possi¬ 
bly  by  up-regulating  prostate  cancer  cell  motility. 


Prostate  cancer  is  the  second  leading  cause  of  cancer  death  in 
men  in  the  United  States;  according  to  the  American  Cancer 
Society,  186,320  new  prostate  cancer  cases  and  28,660  deaths 
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from  prostate  cancer  are  projected  to  occur  in  2008  (1).  This 
high  rate  of  mortality  is  largely  due  to  metastasis  of  the  primary 
tumor  (2).  For  metastasis  to  occur,  primary  tumor  cells  must 
breach  the  basement  membrane  (BM)3  by  degrading  extracel¬ 
lular  matrix  (ECM)  molecules  to  initiate  the  invasion  process 
(3).  Escaped  tumor  cells  interact  with  neighboring  ECM  mole¬ 
cules  to  promote  this  activity.  This  interaction  sometimes  pro¬ 
motes  remodeling  of  the  ECM  to  create  a  more  conducive  envi¬ 
ronment  for  tumor  cell  migration  and  invasion  and  thereby  aids 
in  cancer  progression  (4).  The  remodeling  of  certain  ECM  mol¬ 
ecules  has  been  reported  to  occur  as  a  direct  result  of  protease 
processing,  which  results  in  increased  tumor  cell  migration  and 
invasion  (5-7). 

Laminin-332  (Ln-332;  previously  known  as  laminin-5),  an 
ECM  molecule,  is  an  important  component  of  BM  (8).  It  is  a 
trimeric  glycoprotein  consisting  of  disulfide-bonded  subunits: 
o:3,  J33,  and  y2  polypeptide  chains  (9).  The  importance  of 
Ln-332  in  BM  assembly  was  established  by  the  discovery  of  the 
occurrence  of  a  lethal  skin  blistering  disorder,  junctional  epi¬ 
dermolysis  bullosa,  which  is  due  to  mutation  in  any  of  the  three 
chains  of  Ln-332  (10).  Ln-332  also  plays  an  important  role  in 
development,  wound  healing,  and  tumorigenesis  (11).  Ln-332  is 
overexpressed  in  several  tumor  types,  such  as  esophageal,  cuta¬ 
neous,  oral,  laryngeal,  colon,  tracheal,  and  cervical  cancers  (12); 
however,  interestingly,  there  is  loss  of  Ln-332  in  prostate  cancer 
(13-16).  All  three  chains  of  Ln-332  can  be  processed  by  differ¬ 
ent  protease  systems  (17),  sometimes  as  a  means  of  motility 
regulation  of  cells  (18). 

Proteolytic  cleavage  of  Ln-332  y2  chain  by  several  matrix 
metalloproteinases  (MMPs)  has  been  reported  to  increase  cell 
migration;  our  laboratory  previously  reported  Ln-332  y2  cleav¬ 
age  by  MMP2  and  MT1-MMP  (19,  20),  and  others  have  shown 
that  MMP3,  -8,  -12,  -13,  -14,  and  -20  cleave  the  y2  chain  of 
Ln-332  (21).  Other  enzymes  reported  to  cleave  Ln-332  are 
cathepsin  S  (22),  mTLD  (23),  BMP-1  (24),  and  neutrophil  elas- 
tase  (25).  The  J33  chain  of  Ln-332,  believed  to  be  relatively 
resistant  to  proteolytic  processing,  has  also  been  reported  to  be 
processed  by  both  MT1-MMP  (26)  and  matrilysin  (27). 


3  The  abbreviations  used  are:  BM,  basement  membrane;  ECM,  extracellular 
matrix;  EGR-cmk,  Glu-Gly-Arg  chloromethyl  ketone;  KD1 ,  Kunitz  domain-1  ; 
Ln,  laminin;  MALDI,  matrix-assisted  laser  desorption/ionization;  TOF,  time- 
of-flight;  MS,  mass  spectrometry;  MMP,  matrix  metalloproteinase(s);  pAb, 
polyclonal  antibody;  PBS,  phosphate-buffered  saline;  EGR-hepsin,  EGR- 
cmk-inactivated  hepsin;  Ctrl-hepsin,  control  hepsin  for  EGR-hepsin; 
CHAPS,  3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonic 
acid. 
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Another  study  reported  that  J33  chain  of  Ln-332  is  cleaved  at  its 
N  terminus  by  endogenous  proteinase(s)  in  human  keratino- 
cytes  and  other  cell  lines  (28);  however,  the  authors  did  not 
indicate  the  specific  protease  involved  in  the  cleavage.  Clearly, 
these  studies  have  established  that  proteolytic  processing  of 
Ln-332  occurs  physiologically  and  can  alter  cellular  behavior,  at 
least  in  terms  of  motility. 

During  the  progression  of  prostate  cancer,  various  genetic 
and  epigenetic  changes  occur  (29).  Loss  or  down-regulation  of 
various  tumor  suppressor  genes  (30,  31),  as  well  as  up-regula- 
tion  or  overexpression  of  various  genes,  has  been  reported  (32- 
34).  One  of  the  genes  found  to  be  up-regulated  in  more  than 
90%  of  human  prostate  cancer  cases  is  the  cell  surface  protease, 
hepsin  (35,  36).  Recently,  a  prostate  cancer  mouse  model  dem¬ 
onstrated  that  hepsin  overexpression  causes  disorganization  of 
BM  and  promotes  prostate  cancer  progression  and  metastasis 
(37).  The  mechanism  involved  in  this  disorganization  of  BM 
was  not  revealed;  however,  the  authors  did  report  that  prostate 
tissues  from  hepsin-overexpressing  mice  exhibited  weaker 
immunohistochemical  staining  of  Ln-332  compared  with  wild 
type  mice.  Decreased  staining  of  Ln-332  in  hepsin-overexpress¬ 
ing  mice  led  us  to  hypothesize  that  Ln-332  is  processed  by  hep¬ 
sin,  which  may  be  a  key  step  in  the  progression  of  prostate 
cancer.  Hepsin  is  a  member  of  the  type  II  transmembrane  ser¬ 
ine  protease  family.  The  physiological  function  of  hepsin 
remains  unclear  (38).  In  vitro  studies  have  identified  blood 
coagulation  factors  as  substrates  of  hepsin  (39).  Prohepatocyte 
growth  factor  and  prourokinase-type  plasminogen  activator 
are  also  substrates  for  hepsin  (40,  41).  The  role  of  hepsin  in 
prostate  cancer  remains  of  great  interest,  since  it  overexpressed 
in  more  than  90%  of  human  prostate  cancer,  and  its  expression 
correlates  with  progression  of  the  disease  (42). 

In  summary,  a  role  for  either  Ln-332  or  hepsin  in  prostate 
cancer  progression  is  supported  by  several  studies.  However, 
the  roles  of  these  two  molecules  have  been  studied  separately, 
and  they  have  not  been  previously  linked  to  date.  In  this  report, 
we  demonstrate  for  the  first  time  that  hepsin  cleaves  Ln-332. 
Using  Western  blot  analysis  and  mass  spectrometry,  we  identi¬ 
fied  that  cleavage  occurs  specifically  in  the  j33  chain.  Further, 
N- terminal  sequencing  identified  the  hepsin  cleavage  site 
between  the  Arg245  and  Leu246  residues  in  the  J33  chain.  Cleav¬ 
age  of  Ln-332  was  inhibited  by  a  known  hepsin  inhibitor  (KD1) 
and  did  not  occur  in  the  presence  of  catalytically  inactive  hep¬ 
sin,  confirming  specificity.  We  also  report  increased  migration 
of  DU145  prostate  cancer  cells  on  hepsin-cleaved  Ln-332, 
which  was  also  inhibited  in  the  presence  of  KD1.  Similarly,  we 
show  that  hepsin-overexpressing  LNCaP-34  cells  exhibit 
enhanced  motility  on  Ln-332,  compared  with  low  hepsin-ex- 
pressing  LNCaP-17  cells.  This  study  suggests  a  physiological 
role  for  hepsin  in  proteolytic  cleavage  of  Ln-332  and  gives  new 
insight  into  possible  mechanisms  for  hepsin  in  prostate  cancer 
progression. 

EXPERIMENTAL  PROCEDURES 

Cell  Culture— Prostate  cancer  cell  line  DU145  (American 
Type  Culture  Collection,  Manassas,  VA)  and  804G  bladder 
squamous  cell  carcinoma  cells  (previously  described  by  Falk- 
Marzillier  et  al.  (43))  were  maintained  in  Dulbecco's  modified 
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Eagle's  medium  (Invitrogen)  supplemented  with  10%  fetal 
bovine  serum  (Gemini,  Irvine,  CA)  and  1%  glutamine/penicil¬ 
lin/streptomycin  antibiotics  (Invitrogen)  in  an  incubator  with 
5%  C02  at  37  °C.  LNCaP-17  (low  hepsin-expressing)  and 
LNCaP-34  (hepsin-overexpressing)  prostrate  cancer  cells  were 
created  as  previously  described  by  Moran  et  al  (40)  and  were 
cultured  in  RPMI  1640  medium  supplemented  with  10%  fetal 
bovine  serum,  500  jutg/ml  Geneticin  (Invitrogen),  0.5  p,g/ml 
puromycin  (Sigma),  and  1%  glutamine/penicillin/streptomycin 
and  incubated  with  5%  C02  at  37  °C. 

Purification  of  Rat  Ln-332 — Rat  Ln-332  was  purified  from 
spent  medium  of  804G  bladder  squamous  cell  carcinoma  cells. 
Briefly,  804G  cells  were  cultured  in  10%  fetal  bovine  serum  con¬ 
taining  Dulbecco's  modified  Eagle's  medium  in  a  150-mm  dish. 
Cells  were  then  washed  with  PBS  twice  and  cultured  in  serum- 
free  conditioned  medium  for  2  days  in  roller  bottles.  The 
serum-  free  conditioned  medium  was  collected  and  concen¬ 
trated  by  ammonium  sulfate  at  80%  saturation  and  dialyzed 
against  20  mM  Tris-HCl  (pH  7.5),  0.5  m  NaCl,  0.005%  Brij-35 
(TNB  buffer).  The  concentrated  serum-free  conditioned 
medium  was  then  used  for  immunoaffinity  chromatography. 
The  Protein  A-Sepharose  column  (0.8  X  4.0  cm;  Bio-Rad) 
chemically  conjugated  with  nonfunctional  Ln-332  mouse  anti¬ 
body,  TR-1  (44),  was  equilibrated  with  TNB  buffer  at  a  flow  rate 
of  15  ml/h.  The  concentrated  and  dialyzed  sample  was  applied 
to  the  TR1  column.  The  column  was  then  washed  with  TNB, 
and  absorbed  Ln-332  was  eluted  with  10  ml  of  0.05%  trifluoro- 
acetic  acid,  pH  2.5.  The  eluted  fractions  were  neutralized  by  300 
jud  of  1  m  Tris-HCl,  pH  8.0,  and  then  1%  CHAPS  was  added  to 
each  fraction. 

Cleavage  of  Ln-332— The  cleavage  of  rat  Ln-332  was  studied 
with  human  recombinant  hepsin,  consisting  of  the  entire  extra¬ 
cellular  domain  (40).  To  study  the  cleavage  of  Ln-332  by  hepsin, 
purified  rat  Ln-332  (0.2  pwi)  was  incubated  with  the  recombi¬ 
nant  protease  domain  of  hepsin  (at  both  0.13  and  1.3  pM)  and 
reaction  buffer  containing  250  mM  NaCl  and  50  mM  Tris  (pH 
7.5)  for  1.5  h  at  37  °C.  For  the  time  course  experiment,  Ln-332 
(0.8  ijlm)  was  incubated  with  hepsin  (5.2  pM)  and  reaction  buffer 
containing  250  mM  NaCl  and  50  mM  Tris,  pH  7.5,  for  0,  2,  and 
6  h  at  37  °C.  After  incubation,  hepsin  and  Ln-332  reaction  mix¬ 
ture  was  electrophoresed  on  4-12%  precast  SDS -polyacrylam¬ 
ide  gradient  gel  under  reducing/nonreducing  (as  indicated) 
conditions  and  then  stained  with  SimplyBlue™  Safe  Coomas- 
sie  Blue  stain  (Invitrogen).  A  standard  marker  (identified  as  M 
in  the  figures;  Precision  Plus™  protein  dual  color  standard; 
Bio-Rad)  was  also  run  for  comparison. 

Western  blot  analysis  was  performed  after  transferring  the 
untreated  and  treated  protein  on  a  polyvinylidene  difluoride 
membrane  (PerkinElmer  Life  Sciences),  from  reducing  gel. 
Polyclonal  antibody  (pAb;  1:500)  against  the  C  terminus  of 
Ln-332  J33  chain  (sc-20775;  H-300;  Santa  Cruz  Biotechnology, 
Inc.  (Santa  Cruz,  CA))  and  secondary  anti-rabbit  IgG  horserad¬ 
ish  peroxidase  monoclonal  antibody  (1:5000;  GE  Healthcare) 
were  used  for  Western  blot.  Protein  bands  were  visualized  with 
the  ECL+  plus  system  (PerkinElmer  Life  Sciences). 

Mass  Spectrometry— The  cleaved  product  of  Ln-332  by  hep¬ 
sin  was  further  identified  using  mass  spectrometry  analysis  per¬ 
formed  by  the  Mass  Spectrometry  Research  Center  at  Vander- 
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bilt  University  (Nashville,  TN).  After  digestion,  the  proteins  in 
the  reaction  mixture  were  separated  by  SDS-PAGE  under  non¬ 
reducing  conditions  and  visualized  using  Coomassie  Blue  stain. 
The  protein  bands  of  interest  were  excised  from  the  SDS-poly- 
acrylamide  gel  and  then  equilibrated  in  100  mM  NH4HCOs, 
reduced  with  3  mM  dithiothreitol  in  100  mM  NH4HCOs  at  37  °C 
for  15  min.  Alkylation  was  carried  out  with  iodoacetamide  (6 
mM  in  100  mM  NH4HCOs  for  15  min).  After  destaining,  the  gel 
slices  were  dehydrated  with  50%  acetonitrile  in  50  mM 
NH4HCOs,  followed  by  100%  acetonitrile.  Gel  slices  were  rehy¬ 
drated  with  15  /xl  of  25  mM  NH4HCOs  containing  0.01  /xg//xl 
modified  trypsin.  Trypsin  digestion  was  performed  for  2  h  at 
37  °C.  Peptides  were  extracted  with  60%  acetonitrile  and  0.1% 
trifluoroacetic  acid,  dried  by  vacuum  centrifugation,  and  recon¬ 
stituted  in  10  /xl  of  0.1%  trifluoroacetic  acid.  After  desalting, 
peptides  were  concentrated  into  2  pi  of  60%  acetonitrile  with 
0.1%  trifluoroacetic  acid  using  ZipTipC18  pipette  tips.  For  the 
preparation  of  sample  for  matrix-assisted  laser  desorption/ion¬ 
ization  time-of-flight  mass  spectrometry  (MALDI-TOF  MS), 
0.4  pi  of  the  sample  was  applied  to  a  target  plate  and  overlaid 
with  0.4  pi  of  n-cyano-4-hydroxycinnamic  acid  matrix  (10 
mg/ml  in  60%  acetonitrile,  0.1%  trifluoroacetic  acid).  MAFDI- 
TOF  MS  and  tandem  TOF/TOF  MS/MS  were  performed  using 
a  Voyager  4700  mass  spectrometer  (Applied  Biosystems,  Foster 
City,  CA).  TOF/TOF  fragmentation  spectra  were  acquired  in  a 
data-dependent  fashion  based  on  the  MAFDI-TOF  peptide 
mass  map  for  the  protein.  Both  types  of  mass  spectral  data  were 
collectively  used  to  examine  the  protein  data  bases  to  generate 
statistically  significant  candidate  identification  using  GPS 
Explorer  software  (Applied  Biosystems)  running  the  MASCOT 
data  base  search  algorithm  (Matrix  Science).  Searches  were 
performed  against  the  SWISS  PROT  and  the  NCBI  databases. 

Edman  Degradation  Sequencing — NH2-terminal  sequencing 
of  the  polyvinylidene  difluoride  membrane  containing  the  cleaved 
protein  was  carried  out  on  an  Applied  Biosystems  Procise®  494 
cFC  protein  sequencer  at  the  W.  M.  Keck  Foundation  Biotechnol¬ 
ogy  Resource  Faboratory  at  Yale  University  (New  Haven,  CT). 

Enzyme  Inhibition  Assay — We  used  hepatocyte  growth  fac¬ 
tor  activator  inhibitor- 1 -derived  Kunitz  domain  inhibitor 
(KD1)  to  inhibit  hepsin  activity  (45).  As  described  above  under 
“Cleavage  of  Fn-332,”  purified  rat  Fn-332  (0.2  p m)  was  incu¬ 
bated  alone  or  with  recombinant  hepsin  (1.3  p m)  and  reaction 
buffer  with  or  without  KD1  inhibitor  (5.6  or  11.2  pM)  at  37  °C. 
The  reaction  mixtures  were  electrophoresed  on  4-12%  precast 
gradient  gel  under  reducing  conditions  and  then  stained  with 
Coomassie  Blue. 

Inactivation  of  Hepsin  Enzymatic  Activity  by  Glu-Gly-Arg 
Chloromethyl  Ketone  (EGR-cmk)— Purified  recombinant  hep¬ 
sin  as  described  (40)  was  incubated  either  with  10-fold  molar 
excess  of  an  irreversible  covalent  inhibitor,  EGR-cmk  (Hema¬ 
tological  Technologies,  Essex  Junction,  VT)  or  buffer  contain¬ 
ing  50  mM  Tris,  pH  8.0, 150  mM  NaCl  (for  Ctrl-hepsin)  for  3  h  at 
room  temperature.  EGR-cmk-inactivated  hepsin  (EGR-hepsin) 
complex  was  separated  from  unreacted  EGR-cmk  by  size  exclu¬ 
sion  chromatography  using  a  Superdex  S-200  column  (GE 
Healthcare  Inc.)  with  a  buffer  containing  50  mM  Tris,  pH  8.0, 
150  mM  NaCl.  Ctrl-hepsin  was  also  subjected  to  size  exclusion 
chromatographic  purification  as  described  above.  Relative  to 
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Ctrl-hepsin,  EGR-hepsin  had  lost  >99%  of  its  catalytic  activity, 
as  assessed  by  the  rate  of  substrate  hydrolysis  with  a  small  syn¬ 
thetic  substrate,  S2366  (Diapharma,  West  Chester,  OH). 

EGR-hepsin  Assay— EGR-hepsin  was  used  to  further  exam¬ 
ine  the  specificity  of  Fn-332  cleavage  by  hepsin.  As  with  earlier 
assays,  0.2  pM  purified  rat  Fn-332  was  incubated  with  reaction 
buffer  alone  or  with  recombinant  EGR-hepsin  (1.3  /xm),  Ctrl- 
hepsin  (1.3  /xm),  or  the  recombinant  hepsin  (1.3  pM)  used  for 
the  initial  cleavage  reactions  at  37  °C.  The  reaction  mixtures 
were  electrophoresed  on  4-12%  precast  gradient  gel  under 
reducing  conditions  and  then  stained  with  Coomassie  Blue. 

Transwell  Migration  Assays — Cell  migration  assays  were 
performed  using  8.0- pm  pore  size  Transwell™  permeable 
supports  (Corning  Costar,  Fowell,  MA).  The  undersides  of  the 
filters  were  coated  with  either  untreated  or  hepsin-treated  rat 
Fn-332  (1  jutg/ml),  Fn-332  coincubated  with  hepsin  and  KD1, 
PBS,  hepsin  (1.3  /xm),  or  KD1  (5.6  pM)  overnight  at  4  °C.  Tran¬ 
swells  were  then  blocked  with  5%  milk  in  PBS  with  0.2%  Tween 
20  for  1  h.  DU145  or  FNCaP  cells  were  trypsinized,  resus¬ 
pended  in  serum-free  medium,  and  washed  twice  with  serum- 
free  medium,  and  cells  (20,000  or  50,000,  respectively)  were 
seeded  in  the  upper  chamber  of  inserts.  After  5  h  (DU145)  or 
24  h  (FNCaP)  incubation  in  5%  C02  at  37  °C,  cells  remaining  on 
the  upper  filter  were  scraped  off  gently  using  a  cotton  swab,  and 
the  inserts  were  gently  washed  with  PBS.  Those  cells  that 
migrated  to  the  lower  chamber  were  fixed  with  400  p\  of  fixa¬ 
tion  solution  (Hema-3®  stain  kit,  catalog  number  122-911; 
Fisher)  for  10  min,  stained  with  400  pi  of  staining  solution  for 
20  min,  and  imaged  with  a  Zeiss  FSM-510  inverted  microscope 
(Carl  Zeiss).  Five  representative  images  (X10  magnification) 
were  randomly  captured  for  each  insert  and  used  to  manually 
count  the  number  of  cells  present.  Results  are  presented  as 
mean  number  of  cells  per  field  ±  S.D.  Student's  t  tests  (n  = 
0.05)  were  performed  on  final  data  to  test  significance  of  effects. 

Cell-mediated  Cleavage  ofLn-332 — FNCaP- 17  (low  hepsin- 
expressing)  or  FNCaP-34  (hepsin-overexpressing)  cells  (9.0  X 
104)  in  100  p\  of  RPMI  1640  were  incubated  with  either  100 
/xg/ml  Fn-332  or  PBS  for  12  h  at  37  °C.  After  12  h,  Fn-332 
solution  with  medium  and  cells  was  collected  and  centrifuged 
for  5  min  at  15,000  rpm,  and  supernatant  was  collected.  SDS- 
PAGE  analysis  was  performed  under  reducing  conditions,  and 
protein  was  transferred  to  a  nitrocellulose  membrane.  A  pAb 
against  the  C  terminus  of  Fn-332  J33  chain  (1:200;  sc-20775; 
H-300;  Santa  Cruz  Biotechnology),  and  the  secondary  anti-rab¬ 
bit  IgG  horseradish  peroxidase  antibody  (1:5000)  was  used  for 
visualization  in  Western  blot.  Protein  bands  were  visualized 
with  the  ECF+  plus  system  (PerkinElmer  Fife  Sciences). 

RESULTS 

Processing  of  Ln-332  by  Hepsin— To  determine  whether  hep¬ 
sin  cleaves  Fn-332,  purified  rat  Fn-332  was  incubated  with 
recombinant  hepsin  at  different  concentrations  in  reaction 
buffer  for  1.5  h  with  an  enzyme/substrate  (i.e.  hepsin/Fn-332) 
molar  ratio  of  1.0:1. 5  and  1.0:0.15  (latter  ratio  used  in  all  fol¬ 
low-up  experiments),  as  described  under  “Experimental  Proce¬ 
dures.”  After  incubation,  protein  samples  were  separated  under 
reducing  conditions  by  SDS-PAGE  and  stained  with  Coomassie 
Blue  (Fig.  L4).  We  observed  a  unique  band  at  —100  kDa  in  the 
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FIGURE  1 .  SDS-PAGE  analysis  of  hepsin  cleavage  of  purified  rat  laminin-332.  A,  purified  rat  Ln-332  (0.2  /jlm) 
was  incubated  alone  or  with  the  recombinant  extracellular  domain  of  hepsin  for  1 .5  h  at  37  °C,  electrophoresed 
on  4-12%  gradient  gel  under  reducing  conditions,  and  stained  with  Coomassie  Blue.  After  incubation  of 
Ln-332  alone,  the  gel  included  bands  identified  as  the  a3  (190  kDa),  j83  (145  kDa),  and  y2  (155  and  80  kDa) 
chains  ( lane  /).  However,  upon  incubation  of  Ln-332  with  0.1 3  or  1 .3  /xm  hepsin  ( lanes  2  and  3,  respectively),  an 
additional  —100  kDa  band  was  seen  (indicated  by  a  solid  arrow),  indicating  a  cleavage  event.  Those  lanes 
including  hepsin  treatment  ( lanes  2-4)  also  produced  an  —30  kDa  band,  which  represents  the  protease 
domain  of  hepsin  (indicated  by  an  open  arrow).  B,  after  incubation  of  Ln-332  alone  at  various  time  points  (0, 2, 
and  6  h),  the  same  uncleaved  Ln-332  chains  are  visible.  However,  co-incubation  of  Ln-332  (0.2  ptM)  with  hepsin 
(1.3  piM)  resulted  in  the  generation  of  a  new  band  (—100  kDa,  indicated  by  a  closed  arrow),  again  indicating 
cleavage.  Again,  the  —30  kDa  band  corresponds  to  the  hepsin  protease  domain  (indicated  by  an  open  arrow, 
lanes  2,4,  and  6). 


lanes  containing  Ln-332  incubated  with  hepsin  at  both  concentra¬ 
tions  tested  {solid  arrow;  lanes  2  and  3)  but  not  in  untreated  sam¬ 
ples  {lane  1).  The  intensity  of  the  cleaved  band  correlated  with 
increasing  hepsin  concentration  {lane  3).  Additionally,  lanes  2  and 
3  produced  a  unique  band  at  —30  kDa  {open  arrow),  which  corre¬ 
sponds  to  the  protease  domain  of  hepsin.  Lane  4,  which  includes 
hepsin  alone,  also  revealed  this  —30  kDa  band.  Ln-332,  both  in  the 
absence  and  presence  of  hepsin,  was  also  electrophoresed  under 
nonreducing  conditions  (supplemental  Fig.  1).  Under  both  reduc¬ 
ing  and  nonreducing  conditions,  Ln-332  appeared  proteolytically 
degraded  by  hepsin  on  SDS-PAGE;  however,  under  nonreducing 
conditions,  the  bands  appeared  less  defined,  which  was  due  to  the 
absence  of  the  reducing  agent  (dithiothreitol).  This  electro¬ 
phoretic  behavior  under  nonreducing  conditions  is  consistent 
with  the  presence  of  disulfide  bonds  between  the  Ln-332  chains,  as 
mentioned  in  the  Introduction. 

In  a  time  course  experiment,  we  incubated  Ln-332  and  hep¬ 
sin  in  reaction  buffer  for  0,  2,  or  6  h  (Fig.  LB).  As  expected,  no 
cleavage  product  of  Ln-332  was  observed  at  0  h  {lane  2), 
whereas  the  intensity  of  the  —100  kDa  band  increased  from  2  h 
{lane  4)  to  6  h  {lane  6)  {closed  arrow).  As  shown  in  Fig.  IB,  those 
treatments  including  hepsin  {lanes  2,  4,  and  6)  also  showed  the 
—30  kDa  hepsin  band  {open  arrow).  These  results  confirmed 
that  untreated  Ln-332  resolved  as  bands  corresponding  to  a3 
(190  kDa),  J33  (145  kDa),  and  y2  chains  (155  and  80  kDa)  and 
that  no  cleavage  band  was  detectable  in  the  absence  of  hepsin 
{lanes  1, 3,  and  5).  These  results  suggest  that  the  — 100  kDa  band 
is  a  unique  product  of  hepsin  cleavage. 

Ln-332  Is  Specifically  Cleaved  by  Hepsin— In  order  to  con¬ 
firm  that  Ln-332  was  cleaved  by  hepsin  specifically  and  not  by 
another  contamination  protease,  we  performed  an  enzyme 
inhibition  assay.  We  added  a  specific  inhibitor  of  hepsin,  KD1, 


in  the  cleavage  reaction  with  Ln-332 
and  hepsin  during  incubation  and 
analyzed  by  SDS-PAGE  (Fig.  2 A). 
Hepsin-treated  Ln-332,  as  expected, 
contained  a  —100  kDa  band  {solid 
arrow;  lane  2)  not  present  in 
untreated  Ln-332  {lane  1).  How¬ 
ever,  the  addition  of  the  hepsin 
inhibitor  KD1  nearly  abolished  this 
band  {lanes  3  and  4).  Those  lanes 
with  hepsin  treatment  {lanes  2-4) 
again  revealed  —30  kDa  protease 
domain  bands  {open  arrow).  Addi¬ 
tionally,  those  treatments  with  KD1 
inhibitor  {lanes  3  and  4)  produced  a 
band  at  —10  kDa  {double  arrow). 
This  experiment  indicates  that  the 
—  100  kDa  band  is  a  product  of 
cleavage  of  Ln-332  by  hepsin. 

Inactive  Hepsin  Does  Not  Cleave 
Ln-332 — To  further  examine  the 
specificity  of  Ln-332  cleavage,  we 
performed  experiments  with  cata- 
lytically  inactive  EGR-hepsin.  In 
enzymatic  assays  with  synthetic 
S2366  substrate,  EGR-hepsin  dis¬ 
played  less  than  1%  activity  of  uninhibited  Ctrl-hepsin.  In  the 
experiments  (Fig.  2 B),  we  incubated  Ln-332  either  alone  {lane 
1)  or  in  the  presence  of  hepsin  {lane  2),  inactive  EGR-hepsin 
{lane  3),  or  Ctrl-hepsin  {lane  4).  As  shown  in  Fig.  2 B,  Ln-332 
incubated  with  active  hepsin  or  Ctrl-hepsin  resulted  in  an  —100 
kDa  band  {solid  arrow;  lanes  2  and  4,  respectively).  In  contrast, 
Ln-332  alone  or  Ln-332  incubated  with  inactive  EGR-hepsin 
did  not  produce  this  band  {lanes  1  and  3,  respectively).  Those 
lanes  with  only  hepsin  {lane  7),  Ctrl-hepsin  {lane  6),  or  inactive 
EGR-hepsin  {lane  5)  only  produced  a  single  band  at  —30  kDa. 
These  results  further  support  the  conclusion  that  Ln-332  is 
cleaved  specifically  by  catalytically  active  hepsin  molecule  and 
no  other  contaminating  protease. 

Characterization  of  Cleaved  Ln-332  Band — To  determine 
the  identity  of  the  unique  band  that  appeared  after  hepsin  treat¬ 
ment  of  Ln-332,  we  resorted  to  using  an  antibody  specific  for 
the  Ln-332  chains.  A  pAb  raised  against  the  C-terminal 
sequence  of  Ln-332  j33  chain  (46)  reacted  in  Western  blotting 
(Fig.  3 A),  both  with  the  full-length  /33  chain  in  Ln-332  alone 
{lane  1)  and  the  100-kDa  hepsin-cleaved  fragment  {lane  2).  This 
result  suggested  that  hepsin  cleaves  the  J33  chain  of  Ln-332, 
possibly  removing  an  N-terminal  sequence.  To  confirm  this 
possibility,  we  further  established  the  identity  of  the  cleaved 
fragment  by  mass  spectrometry  (performed  by  the  Mass  Spec¬ 
trometry  Research  Center  at  Vanderbilt  University).  Briefly, 
trypsin  digestion  of  the  —100  kDa  cleavage  band  produced  17 
distinct  peptides,  all  identical  to  peptides  located  in  the  —100 
kDa  C-terminal  region  of  rat  Ln-332  j33  chain  (Fig.  3 B).  This 
result  indicates  that  hepsin  cleaves  the  Ln-332  j33  chain  in  the 
vicinity  of  the  N  terminus.  To  confirm  this  possibility  and  to 
positively  identify  the  cleavage  site,  we  performed  N-terminal 
sequencing  of  the  cleaved  band.  The  strongest  signal  was 
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FIGURE  2.  Specificity  of  hepsin  cleavage  of  laminin-332.  A,  purified  rat  Ln-332  (0.2  pjM)  was  incubated  alone,  with 
recombinant  hepsin  (1 .3  p m),  or  with  hepsin  and  KD1  inhibitor  (5.6  or  1 1 .2  pM)  for  1 .5  h  at  37  °C.  All  treatments  were 
electrophoresed  on  4-1 2%  gradient  gel  under  reducing  conditions  and  stained  with  Coomassie  Blue.  Ln-332  incu¬ 
bation  alone  displayed  three  strong  bands,  one  for  each  chain  ( lane  7).  Ln-332  coincubated  with  hepsin  displayed  an 
additional  band  of  cleavage  product  (indicated  by  a  solid  arrow;  —100  kDa;  lane  2).  However,  Ln-332  incubated  with 
both  hepsin  and  KD1  inhibitor  displayed  greatly  diminished  bands  of  cleavage  product  compared  with  the  band  in 
the  absence  of  KD1  ( lanes  3  and  4,  respectively).  Those  treatments  with  hepsin  ( lanes  2-4 )  again  produced  an  —30 
kDa  band  (indicated  by  an  open  arrow).  Lanes  with  KD1  also  showed  an  —1 1  kDa  band,  representing  the  presence  of 
this  inhibitor  (indicated  by  a  double  arrow).  B,  to  further  confirm  that  Ln-332  was  cleaved  by  hepsin  specifically,  we 
performed  another  SDS-PAGE  assay.  In  this  setup,  Ln-332  was  incubated  either  alone  ( lane  7)  or  in  the  presence  of 
hepsin  {lane 2),  inactive  EGR-hepsin  {lane  3),  orCtrl-hepsin  {lane 4).  Ln-332  incubated  with  catalytically  active  hepsin 
or  Ctrl-hepsin  resulted  in  an  —  1 00-kDa  band  (shown  with  an  arrow ;  lanes  2  and  4,  respectively).  In  contrast,  Ln-332 
alone  or  Ln-332  incubated  with  inactive  EGR-hepsin  did  not  produce  this  band  {lanes  7  and  3,  respectively).  Those 
lanes  with  only  hepsin  {lane  7),  Ctrl-hepsin  {lane  6),  or  inactive  EGR-hepsin  {lane  5)  only  produced  a  single  band  at 
—30  kDa.  These  results  further  strengthen  the  idea  that  Ln-332  is  cleaved  specifically  by  active  hepsin  molecule  and 
no  other  contaminating  protease. 


untreated  Ln-332  substrate  (Fig. 
4).  Using  a  modified  Boyden 
chamber  assay,  we  applied  various 
substrates  to  transwells,  as  de¬ 
scribed  under  “Experimental  Pro¬ 
cedures.”  Hepsin-cleaved  Ln-332 
promoted  a  significant  increase  in 
migration  (1.7-fold)  compared  with 
untreated  Ln-332  (n  =  4,  in  dupli¬ 
cate;  p  <  0.05).  To  confirm  that  hep¬ 
sin  cleavage  of  Ln-332  caused 
increased  migration  of  cells,  we 
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FIGURE  3.  Identification  of  hepsin-cleaved  product  as  laminin-332  /33  chain.  A,  Western  blot  was  performed  on  Ln-332  alone  (0.1  pM)  and  in 
combination  with  hepsin  (0.7  pM)  and  probed  with  a  polyclonal  antibody  specific  for  the  (33  chain.  Application  of  (33  antibody  identified  the  —1 00-kDa 
cleaved  product  of  Ln-332  (33  chain  and  the  uncleaved  (33  chain.  B,  trypsin  digestion  of  the  —100  kDa  band  was  performed  for  2  h  at  37  °C  before 
subjection  to  matrix-assisted  laser  desorption/ionization  time-of-flight  mass  spectrometry.  The  mass  spectral  data  were  used  to  examine  protein  data 
bases  to  generate  statistically  significant  candidate  identifications  using  GPS  Explorer  software  running  the  Mascot  data  base  search  algorithm. 
Seventeen  individual  peptides  (highlighted  in  gray)  were  identified  from  the  digestion,  which  directly  aligned  with  the  sequence  of  rat  Ln-332  (33  chain. 
N-terminal  sequencing  was  also  applied  to  the  digested  band,  which  generated  the  sequence  LQGSCF  {underlined).  C,  schematic  representation  of 
Ln-332  including  the  specific  hepsin  cleavage  site  determined  to  be  between  the  Arg245-Leu246  residues  of  the  rat  Ln-332  (33  chain.  Note  that  cysteine 
residues  (underlined)  are  not  detected  by  Edman  sequencing  and  were  deduced  from  cDNA.  The  three  chains  (a3,  (33,  and  y2),  including  domains  l-VI 
and  LG  domains  of  Ln-332,  are  also  indicated.  One-letter  amino  acid  codes  are  shown. 
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FIGURE  4.  DU145  prostate  cancer  cells  exhibit  enhanced  migration  on  hepsin-cleaved  laminin-332. 

DU145  cells  (2  X  104)  in  serum-free  Dulbecco's  modified  Eagle's  medium  were  added  to  pretreated  upper 
chambers  of  transwell  inserts  and  allowed  to  migrate  for  5  h  at  37  °C.  After  incubation,  nonmigratory  cells  and 
media  were  washed  from  transwells,  and  those  cells  that  migrated  to  the  bottom  of  the  filters  were  stained 
with  the  Hema®  kit,  fixed,  and  imaged  using  a  Zeiss  LSM-51 0.  A,  representative  images  (5  fields)  were  taken  of 
pretreated  (Ln-332,  Ln-332  +  Hepsin,  Ln-332  +  Hepsin  +  KD1 ,  PBS,  hepsin,  or  KD1 )  filters  with  fixed  cells.  Scale 
bar,  20  pim.B,  cells  plated  on  hepsin-cleaved  Ln-332-treated  inserts  had  a  significant  (n  =  4;p  <  0.001)  increase 
in  migration,  compared  with  cells  on  either  Ln-332  alone  or  Ln-332  with  hepsin  and  KD1  inhibitor.  Cells  on  PBS-, 
hepsin-,  or  KD1  -treated  inserts  migrated  significantly  (n  =  4,  in  duplicate,^  <  0.01  in  all  cases)  less  that  all  other 
treatments. 


added  hepsin  inhibitor  KD1  to  test  its  ability  to  abolish 
increased  activity.  As  expected,  in  the  presence  of  KD1,  cells 
migrated  similarly  to  cells  on  Ln-332  ( n  =  4,  in  duplicate).  As  a 
control,  almost  no  cells  were  seen  on  PBS-,  KD1-,  or  hepsin 
alone-treated  inserts,  (i.e.  without  ECM  substrate).  These 
results  suggest  that  cleavage  of  Ln-332  by  hepsin  may  physio¬ 
logically  enhance  migration. 

Migration  of  Hepsin-overexpressing  Cells  Is  Enhanced  on 
Ln-332  Substrate — To  further  determine  the  potential  biologi¬ 
cal  significance  of  hepsin  cleavage  of  Ln-332  j33  chain,  we  also 
examined  the  migratory  behavior  of  hepsin-overexpressing 
LNCaP-34  prostate  cancer  cells  on  Ln-332  versus  low  hepsin- 
expressing  LNCaP-17  cells  on  the  same  substrate  (Fig.  5).  We 
verified  LNCaP  cell  expression  by  real  time  PCR  and  Western 
blot  (results  not  shown)  and  obtained  data  consistent  with  pub¬ 
lished  findings  that  LNCaP-34  cells  express  — 5-fold  higher  lev¬ 
els  of  hepsin  than  LNCaP-17  cells  (40).  Using  a  modified  Boy- 
den  chamber  assay,  we  applied  either  Ln-332  (10  jmg/ml)  or  PBS 
substrate  to  transwells  and  allowed  cells  to  migrate  at  37  °C  for 
24  h,  as  described  under  “Experimental  Procedures”  (Fig.  5 A). 
As  shown  in  Fig.  5 A,  LNCaP-34  cells  exhibited  a  significant 
increase  in  migration  on  Ln-332  (—2.1 -fold)  compared  with 
LNCaP-17  cells  on  Ln-332  (n  =  3,  in  duplicate;  p  <  0.01).  To 
confirm  that  degradation  of  Ln-332  by  cells  influenced  migra¬ 
tion,  we  also  measured  both  cell  lines  on  PBS-treated  inserts.  As 
expected,  both  cell  clones  migrated  slowly  on  PBS-treated  tran¬ 
swells  (n  =  3,  in  duplicate;  p  >  0.05).  Additionally,  a  pAb 
directed  against  the  (33  chain  of  Ln-332  in  Western  blot  analysis 
(Fig.  SB)  revealed  an  additional  —  100-kDa  band  unique  to  hep¬ 
sin-overexpressing  LNCaP-34  cells  incubated  with  Ln-332 
( lane  2),  which  was  not  exhibited  by  LNCaP-17  cells  ( lanes  1 


Hepsin  Cleaves  Laminin-332 

and  3)  or  by  LNCaP-34  cells  in  the 
absence  of  Ln-332  (lane  4).  The 
bands  in  lanes  3  and  4  are  back¬ 
ground  bands,  possibly  due  to 
endogenous  expression  of  J33  by 
these  LNCaP  cells.  Taken  together, 
these  results  suggest  that  cleavage  of 
Ln-332  by  hepsin  may  physiologi¬ 
cally  enhance  migration. 

DISCUSSION 

In  this  study,  we  establish  that 
Ln-332,  an  important  basement 
membrane  component  that  is  ap¬ 
parently  down-regulated  in  human 
prostate  cancer  (13-16),  is  cleaved 
by  hepsin,  a  serine  protease  that  is 
overexpressed  in  more  than  90%  of 
human  prostate  cancer  cases  (36). 
In  this  report,  the  experimental  evi¬ 
dence  that  hepsin  proteolytically 
cleaves  the  Ln-332  J33  chain  is  as  fol¬ 
lows:  1)  treatment  of  purified 
Ln-332  with  catalytically  active  hep¬ 
sin  produces  an  —100-kDa  frag¬ 
ment  both  in  a  time-  and  dose-de¬ 
pendent  fashion;  2)  production  of 
this  fragment  is  abolished  by  KD1,  a  specific  inhibitor  of  hepsin; 

3)  catalytically  inactive  EGR-hepsin  does  not  promote  cleavage; 

4)  the  —100-kDa  fragment  reacts  by  Western  blot  with  anti¬ 
bodies  against  the  C  terminus  of  the  J33  chain;  and  5)  the 
sequences  of  peptides  from  the  —100  kDa  band,  determined  by 
mass  spectrometry,  are  identical  to  peptides  from  the  C-termi- 
nal  region  of  the  rat  Ln-332  (33  chain. 

Since  all  of  our  cleavage  experiments  were  carried  out  with 
Ln-332  purified  from  a  rat  cell  line,  an  important  question  is 
whether  Ln-332  cleavage  by  hepsin  applies  to  other  species  as 
well,  particularly  humans.  Although  this  is  likely,  due  to  the 
general  functional  interchangeability  of  ECM  macromolecules 
across  mammalian  species  (47),  we  sought  additional  evidence 
by  locating  the  precise  hepsin  cleavage  site  on  rat  Ln-332  and 
then  determining  whether  this  cleavage  site  is  present  on 
human  Ln-332.  N-terminal  sequencing  of  the  hepsin-gener- 
ated  Ln-332  (33  fragment  identified  the  hepsin  cleavage  site  at 
Arg245-Leu246  of  the  (33  chain  of  rat  Ln-332.  The  sequence 
around  this  cleavage  site,  SQLR  j  LQGSCFC,  agrees  well  with 
target  sequences  for  hepsin,  identified  by  a  high-throughput 
combinatorial  approach  (48).  In  this  recent  study,  P4-P1  sub¬ 
strate  specificity  of  hepsin  was  determined  by  using  a  tetrapep- 
tide  positional  scanning-synthetic  combinatorial  library 
screening  approach.  On  the  basis  of  peptide  profiling  and 
amidolytic  activity  measurements,  the  authors  identified  opti¬ 
mal  P4-P1  cleavage  motifs  for  hepsin  (PI  represents  the  resi¬ 
due  immediately  N-terminal  to  the  cleavage  site).  It  was 
reported  that  hepsin  exhibited  a  strong  preference  for  arginine 
at  the  PI  position  and  moderately  favored  threonine,  leucine,  or 
asparagine  at  P2,  glutamine  or  lysine  at  P3,  and  proline  or  lysine 
at  the  P4  position.  Accordingly,  we  found  that  hepsin  cleaves 
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FIGURE  5.  Migration  of  LNCaP  hepsin-overexpressing  prostate  cancer 
cells  is  enhanced  on  Ln-332.  A,  to  determine  the  potential  biological  signif¬ 
icance  of  hepsin  cleavage  of  the  Ln-332  (33  chain,  we  examined  the  migratory 
behavior  of  hepsin-overexpressing  LNCaP-34  prostate  cancer  cells  on  Ln-332 
versus  low  hepsin-expressing  LNCaP-1 7  cells.  Using  a  modified  Boyden  cham¬ 
ber  assay,  we  applied  either  Ln-332  (10  jutg/ml)  or  PBS  to  transwells,  and 
allowed  cells  (5  X  1 04)  to  migrate  at  37  °C  for  24  h,  as  described  under  "Exper¬ 
imental  Procedures."  LNCaP-34  cells  exhibited  a  significant  increase  in  migra¬ 
tion  on  Ln-332  (—2.1  -fold)  compared  with  LNCaP-1 7  cells  on  Ln-332  (n  =  3,  in 
duplicate,^  <  0.01  ).To  confirm  that  degradation  of  Ln-332  by  cells  influenced 
migration,  we  also  measured  both  cell  lines  on  PBS-treated  inserts.  As 
expected,  both  clones  weakly  migrated  on  PBS-treated  transwells  (n  =  3,  in 
duplicate;  p  >  0.05).  These  results  suggest  that  cleavage  of  Ln-332  by  hepsin 
may  physiologically  enhance  migration.  B,  Western  blot  analysis  of  LNCaP-1 7 
and  LNCaP-34  cells,  each  in  the  presence  or  absence  of  Ln-332,  revealed  that 
hepsin-overexpressing  cells  (LNCaP-34)  created  an  additional  band  at  —100 
kDa.  The  bands  in  lanes  3  and  4  (cells  alone)  are  background,  possibly  due  to 
endogenous  expression  of  (33  by  these  LNCaP  cells. 

Ln-332  after  a  QLR  sequence  (P3-P1).  It  should  be  noted  that 
the  target  sequence  for  pro-hepatocyte  growth  factor,  which 
turned  up  at  the  top  of  the  list  of  hepsin  substrates  identified  by 
Herter  et  al  (48),  is  KQLR,  almost  identical  to  the  Ln-332  hep¬ 
sin  target  sequence,  SQLR.  The  only  difference  is  at  the  P4 
position  (Lys  for  pro-hepatocyte  growth  factor  and  Ser  for 
Ln-332),  which  was  found  to  be  more  promiscuous  and  less 
critical  than  P3-P1  (48).  The  same  author  also  identified  serine 
as  a  possible  residue  in  position  P4  (Fig.  1  in  Ref.  48).  Visual 
inspection  for  homology  showed  that  the  hepsin  substrate 
sequence  SQLR  |  LQGSCFC  is  completely  conserved  between 
rat,  mouse,  and  human  Ln-332  j33  sequences  (NCBI  data  base 
rat  LAMB3  accession  number  XM_001069930,  mouse  LAMB3 
accession  number  NM_008484,  and  human  LAMB3  accession 
number  NM_000228).  Sequence  conservation  strongly  sup¬ 
ports  a  functional  significance  in  terms  of  hepsin  activity. 
Nonetheless,  cleavage  of  human  Ln-332  could  not  be  verified 


directly,  because  purified  human  Ln-332  is  not  available  at  this 
time  and  remains  to  be  determined. 

Interestingly,  the  SQLR245  is  repeated  downstream  in  the  rat 
Ln-332  J33  sequence,  SQLR743.  However,  this  is  an  unlikely 
cleavage  site  of  hepsin  for  three  reasons:  1)  we  found  no  evi¬ 
dence  of  cleavage  products  matching  a  corresponding  size;  2) 
the  sequence  SQLR743  is  not  conserved  in  human  Ln-332  J33 
chain;  and  3)  residue  743  falls  within  the  predicted  coiled-coil 
region  of  Ln-332,  presumably  inaccessible  to  proteases.  There¬ 
fore,  it  is  unlikely  that  SQLR743  is  a  site  first  used  by  hepsin  for 
cleavage.  However,  once  the  residue  245  site  is  cleaved,  it  is 
theoretically  possible  that  the  coiled-coil  might  open  up  and 
allow  for  a  second  cut  at  SQLR743.  This,  of  course,  could  only 
occur  in  the  rat  protein  (absent  in  the  human  protein).  To  this 
end,  we  performed  a  time  course  experiment  to  determine  if 
cleavage  occurred  at  this  second  site;  however,  we  did  not  see 
additional  cleavage  product,  even  at  longer  incubation  times 
(Fig.  IB).  Future  studies  will  address  whether  or  not  hepsin 
further  cleaves  Ln-332.  In  summary,  the  SQLR245  cleavage 
sequence,  directly  identified  by  N-terminal  sequencing, 
appears  to  be  a  convincing  argument  that  ties  hepsin  activity 
with  Ln-332. 

Among  the  laminin  chains  expressed  in  prostate,  al  (Ln- 
111)  is  expressed  in  fetal  and  newborn  infants  and  is  replaced  in 
adults  by  u3  (Ln-332)  and  a5  (Ln-511/Ln-521)  (14).  Ln-511/ 
Ln-521  and  Ln-211  are  present  in  normal  gland  and  in  prostate 
cancer.  In  contrast,  Ln-332  is  present  in  normal  gland  and  lost 
in  prostate  cancer  (14).  Therefore,  Ln-332  seems  especially 
interesting  as  a  substrate  for  hepsin  during  prostate  cancer  pro¬ 
gression.  It  is  to  be  noted  that  Ln-332  may  be  unique  among 
laminins  as  a  substrate  for  hepsin,  since  it  is  the  only  heterotri- 
mer  featuring  the  (33  chain.  It  is  unlikely  that  the  other  laminin 
j3  chains,  (31  and  J32,  are  substrates  for  hepsin  since,  whereas 
homologous  to  J33,  they  do  not  contain  sequences  resembling 
the  hepsin  substrate  sequence  (SQLR  !  LQGSCFC).  However, 
in  future  studies,  it  will  be  interesting  to  determine  experimen¬ 
tally  whether  other  ECM  macromolecules,  including  other 
laminins,  may  be  substrates  for  hepsin. 

It  is  intriguing  to  note  that  the  hepsin  cleavage  site  is  located 
almost  exactly  at  the  predicted  boundary  between  domains  V 
and  VI  of  the  Ln-332  J33  chain  (9).  It  is  therefore  possible  that 
hepsin  cleavage  may  release  domain  VI  of  (33.  It  has  been 
reported  that  Ln-332  interacts  with  collagen  VII  via  domain  VI 
of  the  J33  chain  (49,  50).  Therefore,  release  of  domain  VI  by 
hepsin  could  disrupt  the  interaction  of  Ln-332  with  collagen 
VII.  The  consequences  of  this  disruption  may  be  at  least  2-fold. 
First,  J33  domain  VI  has  a  key  role  in  the  assembly  of  hemides- 
mosomes  (51),  integrin-based  adhesion  complexes  that  anchor 
epithelial  cells  to  underlying  tissue  via  Ln-332  and  collagen  VII 
(52,  53).  It  is  therefore  possible  that  hepsin  may  prevent  or 
down-regulate  hemidesmosome  formation.  Second,  FNC1,  the 
specific  region  of  collagen  VII  that  physically  interacts  with  the 
Ln-332  J33  chain  (50),  was  reported  to  promote  tumor  invasion 
in  an  Ln-332-dependent  manner  (54).  These  two  previous 
observations  suggest  possible  mechanisms  whereby  hepsin 
cleavage  may  play  a  physiological  role  in  epithelial  organization 
or  a  pathological  role  in  tumor  development.  In  this  respect,  it  is 
worth  noting  that  loss  of  hemidesmosomal  complexes  in  pros- 
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tate  cancer  was  reported  (55).  These  considerations  warrant 
further  studies  to  determine  whether  hepsin  cleavage  of  Ln-332 
j33  chain  has  an  effect  on  the  interaction  of  collagen  VII  with 
Ln-332 . 

We  have  also  shown  that  hepsin  cleavage  produces  a  clear 
enhancement  of  prostate  cancer  cell  migration  on  Ln-332  in 
vitro.  DU145  cells  exhibited  significantly  enhanced  motility  on 
hepsin-cleaved  Ln-332  in  transwell  inserts,  compared  with 
untreated  substrate.  Further,  hepsin-overexpressing  LNCaP-34 
cells  also  displayed  significantly  increased  migration  on  Ln-332, 
compared  with  low  hepsin-expressing  LNCaP-17  cells.  The 
basis  for  this  enhancement  remains  to  be  elucidated.  A  possi¬ 
bility  is  that  domain  VI  of  Ln-332  may  support  “nonspecific” 
interactions  with  filters  onto  which  migration  assays  were  per¬ 
formed,  thus  effectively  producing  a  cell-anchoring  effect  that 
may  be  released  by  hepsin.  In  any  case,  enhancement  of  migra¬ 
tion  fits  well  with  the  protumorigenic  and  proinvasive  effects  of 
hepsin  in  tumor  animal  models  (37).  These  results  may,  in  part, 
explain  the  findings  of  an  orthotopic  prostate  cancer  model, 
whereby  LNCaP-34  tumors  grew  larger  than  LNCaP-17 
tumors.  Also,  LNCaP-34  tumors  showed  100%  contralateral 
prostate  invasion,  which  is  not  observed  in  animals  with 
LnCaP-17  tumors  (56). 

Although  hepsin  overexpression  has  been  linked  to  prostate 
cancer  in  many  reports,  the  mechanism(s)  by  which  it  affects 
tumor  progression  have  remained  elusive  (57).  In  a  recent 
report  by  Klezovitch  et  al.  (37),  it  was  shown  that  specific  over¬ 
expression  of  hepsin  in  mouse  prostate  epithelium  did  not 
cause  changes  in  cell  proliferation  or  differentiation  but  rather 
resulted  in  disorganized  BM  and  weak  or  absent  staining  of 
Ln-332.  Interestingly,  these  areas  of  disorganized  BM  coincided 
with  areas  of  epithelial  cells  with  the  highest  expression  of  hep¬ 
sin,  reinforcing  a  link  between  hepsin  and  Ln-332,  a  major  com¬ 
ponent  of  BM.  In  the  same  report,  hepsin  transgenic  mice, 
when  crossed  with  the  LPB-Tag  12T-7f  mouse  model  of  pros¬ 
tate  cancer,  caused  faster  progression  of  tumorigenesis,  includ¬ 
ing  bone  metastasis,  making  it  one  of  the  very  few  mouse  mod¬ 
els  of  prostate  cancer  that  develop  bone  metastasis.  This  report 
indicates  that  hepsin  overexpression  in  itself  is  incapable  of 
initiating  tumorigenesis  but  can  influence  tumor  progression. 
Our  findings  raise  the  possibility  that  one  mechanism  whereby 
hepsin  may  play  this  role  is  via  its  proteolytic  activity  on  Ln-332. 
Experimental  verification  of  this  hypothesis  could  further  elu¬ 
cidate  the  significance  of  BM  integrity  in  tumor  progression. 

Further,  many  studies  have  independently  shown  that  hepsin 
is  consistently  up-regulated  in  human  prostate  cancer  (36, 
58-65).  For  example,  Stephan  etal.  (36)  reported  hepsin  over¬ 
expression,  as  much  as  10  times  higher,  in  human  prostate  can¬ 
cer  tissue,  compared  with  noncancerous  tissue.  Conversely,  a 
number  of  studies  have  reported  that  expression  of  Ln-332  is 
down-regulated  in  human  prostate  cancer  tissue  (13-16). 
Taken  together,  these  reports  constitute  circumstantial  evi¬ 
dence  that  cleavage  of  Ln-332  by  hepsin  may  occur  in  vivo. 
Defining  exact  ratios  of  hepsin/Ln-332  in  tumor  tissue  quanti¬ 
tatively  remains  an  important  goal,  albeit  difficult,  but  based  on 
these  reports,  we  tentatively  conclude  that  in  human  prostate 
cancer,  the  enzyme/substrate  ratio  is  increased.  In  our  in  vitro 
experiments,  Ln-332  cleavage  by  hepsin  was  detectable  at  an 


enzyme/substrate  ratio  of  1:1.5,  although  in  order  to  maximize 
the  yield  of  cleavage  product,  we  generally  used  an  enzyme/ 
substrate  ratio  of  1:0.15.  The  need  for  this  high  ratio  might  be  in 
part  due  to  various  reasons,  including  the  multichain  nature 
and  high  molecular  size  of  Ln-332  (490  kDa),  which  may  hinder 
the  accessibility  of  cleavage  sites  in  vitro.  Other  reports  of  cleav¬ 
age  of  laminin  by  various  MMPs  have  also  used  relatively  high 
ratios  in  vitro  (20,  21,  25,  27).  In  a  similar  study,  Bair  et  al.  (66) 
reported  cleavage  of  Ln-511  by  MT1-MMP  at  an  enzyme/sub¬ 
strate  ratio  of  1:2.  MT1-MMP,  like  hepsin,  is  a  transmembrane 
cell  surface  protease.  These  authors  speculated  that,  due  to 
MT1-MMP  spatial  localization  to  the  invading  tumor  front,  the 
local  ratio  of  Ln-511/MT1-MMP  might  approach  1:1  in  vivo 
(66).  Further,  in  vivo  proteolysis  may  be  favored  by  additional 
factors  like  temperature,  pH,  cations,  and  the  relative  topology 
of  enzyme  and  substrate.  In  this  respect,  it  is  worth  stressing  the 
transmembrane  location  of  the  hepsin  serine  protease,  since 
this  topology  places  it  in  close  vicinity  to  the  BM  (67).  Accord¬ 
ing  to  the  structure  of  hepsin,  its  catalytic  domain  is  extracellu¬ 
lar  and  should  lie  flat  on  the  plasma  membrane  (67)  (i.e.  in  an 
ideal  position  to  access  BM  substrates,  such  as  Ln-332).  In  sum¬ 
mary,  our  report  should  stimulate  additional  studies  aimed  at 
molecular  mechanisms  of  interaction  between  epithelial  cells 
and  their  immediate  microenvironment,  the  BM. 
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